Two solid and hollow cylindrical rollers in pure rolling contact have been modeled. The two rollers are subjected to a combined normal and tangential loading. The Stress distribution in the contact zone has been determined using a finite element package called ABAQUS. Then fatigue life model for rolling bearings developed by Ioannides and Harris has been used to study the relative fatigue life of the hollow rollers compared to solid rollers. Different hollowness percentages have been investigated; 20%, 40%, 60% and 80%. Two cases were studied-when both rollers are hollow and when only one of them is hollow while the other one is solid. It has been found that making the rollers hollow will result in redistribution of stresses in the contact zone. That decreased the peak stress under the surface when compared to the solid cylinder. Hollow cylinders have more flexibility when subjected to normal and tangential loading. And so, the stresses are redistributed so that the fatigue life is improved. The best fatigue life improvements have been found when both cylinders have almost 60% hollowness.
INTRODUCTION
Using hollow rollers in the roller bearings has the interest of many designers because of their advantages over solid rollers. Hollow roller bearings are single or double row radial bearings with an inner ring, outer ring and hollow or thin wall, rollers. The thin wall in the rollers allows these bearings to be preloaded, as opposed to cylindrical roller bearings with solid rollers. This increases radial stiffness and reduces radial vibration and radial run out. Proper lubrication is critical for proper operation and bearing life. For these reasons hollow rollers are used in these roller bearings, but not in friction drives. In traction drives, two or more sets of rollers are used in contact between the inner race and the outer ring.
Using traction drives has many advantages over gears, such as less noise, easier to manufacture, and easier and cheaper to maintain. On the other hand, one of the main disadvantages of using the traction drives over gears is its weight. For the same load application, the required traction drive is heavier than the required gear system. So, this research interest is to find a solution for the two problems of the cylindrical rollers; their fatigue life and their heavy weight. A solution for both these problems can be by using hollow rollers instead of solid rollers. Using the hollow rollers means less weight. And so the problems are partially solved. But what about the fatigue life, will it be improved by using the hollow rollers or not? Numerical simulation of two rollers in contact under pure rolling has been made to study the fatigue life of hollow rollers, and to compare it to solid rollers.
PROBLEM STATEMENT AND SOLUTION TECHNIQUE
The contact problem between two solid cylinders has been discussed by many researchers. Smith and Liu [1] developed a mathematical model for solid cylinders. No reliable analytical model has been developed for hollow cylinders to study the stress distribution in the contact zone and the resulting deformations due to combined loading. To determine the fatigue life of the hollow rollers, the stress and strain distribution should be studied and analyzed. The optimum percentage of hollowness should be analyzed too. The solution of this problem passes through two stages. The first stage is the numerical simulation of the two rollers in contact, using the finite element package ABAQUS to get the stress values and to determine the volumes under risk. The second stage is the analytical stage in which a fatigue theory is needed to analyze the resulting stress values from the simulation. The problem has been divided into two parts. The first part is when the two rollers have the same size and the second part when they have different sizes. The two rollers have been assumed to run dry, with no lubricant. In each part, two cases were studied; when both rollers in contact are hollow with same percentage of hollowness and when only one is hollow while the other roller is solid.
For the stress results obtained from the simulation, the Ioannides and Harris (IH) fatigue life model was applied. Since we are interested to see if the fatigue life of the hollow rollers is improved or not with respect to the solid roller fatigue life, the relative fatigue life of any hollow roller can be calculated from the following equation:
Where e ' is the Weibull distribution, σ ref denotes the stress used for the reference life computation, which is the stress in the solid roller, σ u is the endurance limit,c is the stress criterion exponent and V ref is the volume of material where is greater than σ u . The Deformation Energy (Von Mises) criterion was used for the stress.
DISCUSSION OF THE RESULTS
The results of the analysis can be divided into two main parts, when the model has identical sized rollers (Model 1), and when the rollers are not the same size (Model 2). Each model was subjected to a combination of both normal and tangential loading. The tangential loading is one third the normal loading. Also the analysis shows the results when only one of the rollers is hollow and when both rollers in contact are hollow. Figure 1 represents the risk volumes of all identical sized models. The risk volume is the region where the stresses are higher than the 680 MPa, the endurance limit for the material used. The name of the model represents the percentage of hollowness and if one or both rollers are hollow. It can be clearly seen from the figure that the area under the curves of the hollow roller models is less that that of the solid roller model. That means the volume under risk is smaller in the case of the hollow roller models. Also the figure gives an indication about the location of that volume that can be determined by where the start point and the end point of the curve intersect the x-axis. Figure A-2 shows the size of the volume under risk and that the values of stress in that volume are less for the hollow roller than the solid one. Furthermore, they are decreasing as the hollowness percentage increases from 20% to 60%, where the smallest risk volume is found with lower stress values. In the case of 80% it can be noticed that the risk volume location comes closer to the surface, and the values of stress there are much greater than the case of 60% hollowness. Small differences were found between models when only one roller is hollow and models with both rollers hollow. Figure 2 represents non identical sized models. The 20% hollowness model is a good example to show how making rollers hollow results in redistribution of stress on larger area. 
Figure 2. Non-identical sized roller models under combined loading
The IH theory was applied to the simulation results and the results are summarized in Table 1 . The numerical numbers in this table show the relative fatigue life of hollow rollers compared to solid roller under same loading condition. These values are calculated using Equation (1). The relative fatigue life increases with increasing the hollowness up to 60% then it goes down in case of 80% hollowness. Non identical sized rollers have longer fatigue life than identical sized rollers. The only case where fatigue life is reduced instead of being improved is when both non identical sized rollers have 80% hollowness; the fatigue life is reduced to 50%. For the tested hollowness percentages, the best fatigue life improvements were around 60%. 
